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Abstract: Lapatinib is an oral, small-molecule, reversible inhibitor of both epidermal growth 
factor receptor and human epidermal growth factor receptor-2 (HER2) tyrosine kinases. In 
March 2007, the US Food and Drug Administration approved lapatinib for use in combination 
with capecitabine for the treatment of women with HER2-overexpressing, advanced or meta- 
static breast cancer This review discusses the available information of lapatinib in Chinese 
breast cancer patients, focusing on its effectiveness and clinical application against advanced or 
metastatic breast cancer In pivotal phase III trials, a combination of lapatinib and capecitabine 
significantly decreased the risk of disease progression compared to capecitabine alone in women 
with HER2 -positive advanced or metastatic breast cancer Other trials were used to evaluate 
lapatinib in combination with hormone therapy, in combination with trastuzumab, and as an 
adjunct to adjuvant therapy for early-stage disease. Preclinical data have revealed that lapatinib 
is active in trastuzumab-resistant cell lines as well as synergistic with trastuzumab. In clinical 
trials, lapatinib has not been associated with serious or symptomatic cardiotoxicity. Further, it 
can cross the blood-brain barrier and may therefore have a role in preventing cancer progres- 
sion in the central nervous system. Thus, lapatinib warrants further evaluation in HER2 -positive 
metastatic and early-stage breast cancer patients. 
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Introduction 

Breast cancer is the most common cancer among women worldwide. About half of 
the breast cancer cases and 60% of the deaths are estimated to occur in economically 
developing countries.' Approximately 16%-20% of women with breast cancer have 
advanced or metastatic breast cancer, while 50% of early-stage breast cancers ultimately 
develop into metastatic breast cancer.^ Advanced or metastatic breast cancer is defined 
as a clinical stage that corresponds to cancer stage III and IV, based on the tumor itself, 
on lymph node involvement, and on metastases. Approximately 15%-22% of breast 
cancers overexpress human epidermal growth factor receptor 2 (HER2),^'' placing 
patients at increased risk for disease progression and death.'-'' Progress in the treat- 
ment of HER2 -positive breast cancer has been achieved by targeting HER2 signaling 
pathways. Trastuzumab is a monoclonal antibody that binds the extracellular domain 
of the HER2 receptor and has been the basis of therapy for patients with HER2 -positive 
metastatic breast cancer, although resistance ultimately develops.^ '' 

Lapatinib is an orally active, dual inhibitor of HER2 and epidermal growth factor 
receptor (EGFR), marketed by a pharmaceutical company in England, GlaxoSmithKline 
(GSK) in 200 1 . In March 2007, the US Food and Drug Administration (FDA) approved 
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lapatinib for use in combination with capecitabine in the 
treatment of advanced HER2-amplified (HER2-positive) 
breast cancer' Like trastuzumab, lapatinib is indicated only 
for the treatment of HER2 -positive breast cancer The goal of 
this review is to summarize lapatinib 's approved and investi- 
gational uses in the People's Republic of China. 

Mechanism of action of lapatinib 

Lapatinib is a 4-anilinoquinoline derivative. It potently but 
reversibly binds to the intracellular tyrosine kinase domains 
of EGFR and HER2, leading to inhibition of substrate 
phosphorylation.**' Lapatinib competes for the adenos- 
ine triphosphate (ATP)-binding site on the intracellular 
tyrosine kinase domains of both EGFR and HER2, thus 
preventing the use of ATP as a cofactor for phosphorylation 
of the tyrosine residue.'" " This inhibition blocks downstream 
mitogen-activated protein kinase (MAPK), phosphoinositide 
3-kinase (PI3K) proliferation, and survival signaling path- 
ways, thereby rendering antineoplastic activity. '^-'^ In vitro 
and in vivo studies have demonstrated that lapatinib has an 
inhibitory effect on a variety of solid tumors. Depending 
on tumor type, lapatinib-treated cells may undergo either 
apoptosis or growth arrest. 

Lapatinib can be administered orally and is distrib- 
uted well to many organs. Although lapatinib uptake in 
a normal brain is <10% of plasma due to active efflux 
transport at the brain-blood barrier,'^'" it has increased 
activity in disease affecting the central nervous system 
(CNS), possibly because the blood-tumor barrier is more 
permissive. ^""^^ This has been demonstrated in mice with 
HER2 overexpressing brain metastases, where treatment 
with lapatinib resulted in a significant decrease in tumor 
volume. This was attributed to a decrease in HER2 phos- 
phorylation and cell proliferation.^^ In clinical studies, 
lapatinib is found to provide modest but definite evidence 
of anti-tumor activity in patients with brain metastases 
from breast cancer. 

Lapatinib is highly potent with a 50% inhibitory concen- 
tration (IC50) of <0.2 |im for both EGFR and HER2.^'' Its 
slow rate of dissociation from the intracellular tyrosine kinase 
domains of EGFR and HER2 (half-life &300 minutes) cor- 
relates with a prolonged downregulation of receptor tyrosine 
phosphorylation in tumor cells. In addition, lapatinib effec- 
tively inhibits human tumor cell lines that overexpress EGFR 
or HER2, which indicates selectivity for cancer cells that 
overexpress these receptors.^' Further preclinical and clinical 
trials indicate that lapatinib is considerably less cardiotoxic 
than trastuzumab/'*'^' which has been proposed to relate to 



off target cardioprotective effects of lapatinib.^^ Alternatively, 
differences in drug pharmacokinetics and in the duration of 
ErbB2 blockade between lapatinib and trastuzumab, as a 
result of their distinct modalities, may also account for the 
difference in cardiotoxicity. 

Basic research has been performed in the People's 
Republic of China on the mechanisms of action and drug 
resistance of lapatinib in the treatment of breast cancer 
In vitro studies have shown that IC50 of lapatinib was less 
than 0.16 mol/L in A431, HNS, BT474, N87, and CaLu-3 
cell lines, and was about 3 mol/L in MCF-7 and T47D cell 
lines. Compared to EGFR- or/and HER2 -positive cell lines, 
breast cancer cells with low EGFR or/and HER2 expression 
had 25 times higher IC50. In addition, HN5 and BT474 
breast cancer cell growth was completely inhibited in nude 
mice xenograft models after treatment of lapatinib 0. 1 mg/g, 
two times/day.'* Apoptosis increased 23 times in lapatinib- 
treated tumor cells with HER2-overexpression and lapatinib 
anti-tumor activity was not suppressed by EGF.' In addition, 
lapatinib exhibited in vitro additive effects in combination 
with fiuorouracil (the active metabolite of capecitabine)" 
and demonstrated enhanced or synergistic effects in 
combination with trastuzumab.'" Lapatinib induced P27 
expression, subsequently combined and inhibited CDK2 
function, and therefore restored breast cancer cells to hor- 
monal drug tamoxifen sensitivity.'* Konecny et al'" found 
that a combination of lapatinib and trastuzumab increased 
the treatment effect. The interaction between lapatinib 
and trastuzumab involves lapatinib-induced stabilization 
and accumulation of HER2 at the cell surface, which in 
turn facilitates immune-mediated, trastuzumab-dependent 
cytotoxicity.'^ 

Li et aP*" established a lapatinib-resistant breast cancer 
cell line rBT474, which was found to have changed HER2 
and ER alpha signaling pathways. Compensatory activa- 
tion of ER alpha pathway may be the cause of lapatinib 
resistance in HER2 (+)/ERa(+) breast cancer. PI3K/AKT 
suppression and MAPK activation may be responsible for 
the ER alpha compensatory activation. Zhao'' also found 
that lapatinib resistance in breast cancer may be associ- 
ated with Wnt/Beta-catenin signaling pathways. Beta- 
catenin knockdown by small interfering RNA (siRNA) 
significantly increased lapatinib-induced apoptosis in 
lapatinib-resistant breast cancer cells. Other studies 
indicated that apoptosis induced by lapatinib in HER2 
overexpressing breast cancer cell line SKBR-3 is related 
to downregulation of p-AKT, and survivin.'* Additional 
studies are warranted. 



submit your manuscript | www.dovepress.com 
Dovepress 



OncoTargets and Therapy 2014:7 



Doveoress 



Lapatinib for the treatment of breast cancer 



Application of lapatinib for 
the treatment of breast cancer 
in Western countries 

Studies have found that a variety of tumors overexpress 
HER2, including 15%-22% breast cancer, 25%-32% ovar- 
ian cancer, and 30%-35% lung adenocarcinoma.-" With the 
development of basic research and clinical trials of molecu- 
lar targeted therapy in HER2 overexpressing breast cancer, 
lapatinib is becoming a new adjuvant therapeutic option. 
EGF103009 studies have shown that lapatinib is mainly used 
in combination with capecitabine for the treatment of patients 
with advanced or metastatic HER2 -positive breast cancer." 
The pivotal phase III study EGF 100151 demonstrated that the 
addition of lapatinib to capecitabine significantly decreased 
the risk of disease progression compared with capecitabine 
alone in women with HER2 -positive advanced or metastatic 
breast cancer that had not responded to previous treatment with 
an anthracycline, a taxane, and trastuzumab.'"' In this study, 
a total of 399 women were randomized to either lapatinib 
1,250 mg/day plus capecitabine 2,000 mg/m^ given on days 
1-14 of a 21-day cycle (combination therapy) or capecit- 
abine 2,500 mg/m^ on the same schedule (monotherapy). 
On the basis of data from the first 324 patients, the risk of 
disease progression was significantly reduced with combina- 
tion therapy compared to monotherapy (hazard ratio [HR] 
0.49, 95% confidence interval [CI] 0.34-0.71, P<0.001).The 
median times to disease progression were 8.4 and 4.4 months, 
respectively. Cox regression analysis indicated that treatment 
assignment was the only significant factor affecting the time 
to disease progression. 

A large clinical trial has also shown that lapatinib is ben- 
eficial in the treatment of HER2 -positive early stage breast 
cancer.'*' In this randomized, controlled, phase III clinical 
trial, Goss et al*' studied 3,147 early-stage breast cancer 
patients across 33 countries. Patients were randomly assigned 
(1:1) to receive daily lapatinib (1,500 mg) or daily placebo 
for 12 months. After a median follow-up of 47.4 months 
(range 0.4-60.0) in the lapatinib group and 48.3 (range 
0.7-61 .3) in the placebo group, disease-free survival did not 
differ significantly between groups in the primary analysis. 
There was no significant difference in CNS recurrences and 
no evidence existed for a survival advantage with lapatinib 
treatment. However, disease-free survival was better in the 
lapatinib group for women with hormone-receptor-negative 
tumors and there was a suggestion of benefit for patients who 
received lapatinib within a year of diagnosis. Exploratory 
analysis was restricted to 2,490 patients with HER2 -positive 
tumors which suggested improvement in disease-free survival 



with lapatinib. Thus, lapatinib may be an option for women 
with HER2-positive breast cancer who did not or cannot 
receive adjuvant trastuzumab. 

Clinical trials of lapatinib in the 
People's Republic of China 

Lapatinib has been approved by the FDA primarily based 
on EGF 103009 randomized phase III clinical trials. The 
treatment of breast cancer in Asia is largely similar to that in 
Western countries, however, several distinct factors in Asia 
have an impact on clinical decision making, including cost 
considerations, agent availability due to regulatory approval, 
and ethnic differences.*^'''^ 

Han et aP performed a randomized, non-blind, multi- 
center, phase III clinical trial in the People's Republic of China 
on HER2 -positive advanced breast cancer patients, who had 
failed previous chemotherapy by anthracycline, taxane, and/or 
trastuzumab. The patients were treated with either a combina- 
tion of lapatinib (1 ,250 mg/d) and capecitabine (2,000 mg/m^, 
dl~dl4), or capecitabine (2,500 mg/m^, dl~dl4) alone for 
3 weeks. A combination of lapatinib and capecitabine reduced 
the risk of disease progression by 51%, which indicates 
that lapatinib is an efficient and well tolerated treatment for 
HER2 -positive advanced breast cancer. Xu et al''^ also took 
a single-arm, open-label approach to study the efficacy and 
safety of lapatinib in a Chinese population. The patients had 
stage IIIB/IIIC-IV, HER2 -positive advanced or metastatic 
breast cancer, and previously received single or combination 
treatment of anthracycline, taxane, and/or trastuzumab. All 
patients received lapatinib (1,250 mg once daily) and capecit- 
abine (2,000 mg/m^ per day) on days 1 to 14 every 21 days. 
Twenty-three patients had partial response, seven patients were 
stable for at least 24 weeks, and zero patients showed complete 
response. These resulted in a clinical benefit rate of 57.7%. 
The median progression-free survival was 6.34 months. The 
median time to response and duration of response were 4.07 
months and 6.93 months, respectively. Thirteen (25.0%) 
patients had disease progression with new lesions. These data 
confirmed that the combination of lapatinib and capecitabine 
is an effective and well-tolerated treatment option in a popu- 
lation of Chinese women with HER2 -positive advanced or 
metastatic breast cancer who have had disease progression fol- 
lowing other treatments. Interestingly, the clinical benefit rate 
of lapatinib in a Chinese population (57.7%) is considerably 
higher than those in a Western population reported by Geyer 
et al"" and Cameron et al"*" (27% and 29.3%, respectively). The 
median progression-free survival of 6.34 months observed in 
the Chinese breast cancer patients compared favorably with 
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the 6.2 months reported by Cameron et al.'"' These results are 
consistent with previously reported improved responses of 
Asian ethnicity to EGFR inhibitors in other solid tumors. 
Based on these studies, lapatinib is currently approved for 
using in metastatic breast cancer treatment in the People's 
Republic of China. 

Evaluation of lapatinib as a first-line adjuvant chemo- 
therapy for HER2-positive early-stage breast cancer is 
ongoing. There are also many phase III clinical trials being 
performed in other countries. For example, EFG30001/ 
EGF104353 is the comparison of paclitaxel plus lapatinib 
and paclitaxel plus placebo; EFG30008 letrozole plus lapa- 
tinib and letrozole plus placebo; EFG104383 paclitaxel plus 
trastuzumab plus lapatinib and paclitaxel plus trastuzumab 
plus placebo et al. 

Clinical application of lapatinib 
in the People's Republic of China 

The purposes of metastatic breast cancer treatment are to 
extend survival time and improve quality of life."" 

According to National Comprehensive Cancer Network 
Breast cancer clinical practice guidelines as well as the Chi- 
nese Anti-cancer Association Breast Cancer Committee,^" 
HER-2 positive metastatic breast cancer treatment options 
and guidelines are as follows: trastuzumab-based therapy as 
first-line choice, better combined with other chemotherapy 
drugs. Combined chemotherapies include paclitaxel or 
docetaxel, vinorelbine, platinum class, capecitabine, and 
gemcitabine. 

For breast cancers positive for both hormone receptors 
and HER-2, trastuzumab can be combined with aromatase 
inhibitors such as anastrozole. If the tumor progressed 
after trastuzumab-based combination chemotherapy, tras- 
tuzumab can be continued or be substituted with other 
combination chemotherapies or a combination of lapatinib 
and capecitabine.^' 

A randomized clinical trial" indicated that lapatinib and 
capecitabine combination is more effective than capecitabine 
alone in treatment of HER2 -positive metastatic breast cancer. 
Compared to capecitabine alone, lapatinib and capecitabine 
combination significantly extended patients' progression- 
free survival and median time to disease progression and 
reduced the incidence of brain metastases. The incidences 
of adverse reactions are similar between the two groups. 
A randomized phase III clinical trial, comparing treatment 
effects of paclitaxel plus lapatinib combination and pacli- 
taxel alone in the treatment of HER2 -positive metastatic 
breast cancer is in progress and the results will be released 



in the near fiiture. If the results indicate a superior effect of 
paclitaxel plus lapatinib combination compared to paclitaxel 
alone, lapatinib will become another first-line target therapy 
drug after trastuzumab in the treatment of HER2 -positive 
metastatic breast cancer. 

Although both lapatinib and trastuzumab are important 
target therapeutic drugs for HER2-positive breast cancer, 
they have different therapeutic mechanisms and possibly 
incomplete cross-resistance. The intracellular mechanism 
of action of lapatinib provides the rationale for evaluating 
lapatinib in trastuzumab-resistant disease. Preclinical 
studies demonstrated that lapatinib induced apoptosis and 
inhibited insulin-like grow^th factor I receptor signaling in 
trastuzumab-resistant breast cancer cell lines, and inhibited 
phosphorylation of the constitutively activated, truncated 
HER2 receptor p95ErbB2. Both phosphatase and 
tensin homolog (PTEN) deficiency and increased signal- 
ing through p95ErbB2-containing heterodimers, which 
do not contain the HER2 extracellular domain to which 
trastuzumab binds, have been proposed as mechanisms of 
trastuzumab resistance.^'' Ma et al" studied 35 metastatic 
breast cancer patients who had disease progression after a 
lapatinib-based combination therapy (the patients had never 
been treated with trastuzumab before). The patients were 
divided into two groups: control group (n=22) who received 
chemotherapy or endocrine therapy alone and trastuzumab 
group (n=I3) who received trastuzumab-based combination 
therapy. The two groups were similar in age, estrogen and 
progesterone receptor status, location of metastasis, number 
of metastasis, disease-free survival, and progression-free 
survival. In the control group, 59% of patients received 
chemotherapy and the remaining 41% of patients received 
endocrine therapy. In the trastuzumab group, 69% of 
patients received combination with chemotherapy and others 
with endocrine therapy. The median follow-up period was 
58 months. The trastuzumab group and the control group 
had median progression-free survival of 10.0 months and 
3.3 months (P=0.001), and total survival of 3 1 .1 months and 
7.0 months {P=0.015), respectively. These data suggest that 
trastuzumab is effective in the treatment of lapatinib-resistant 
breast cancer. Moreover, lapatinib retained significant 
growth inhibitory activity against HER2-overexpressing 
breast cancer cell lines selected for long-term (>9 months) 
outgrowth in trastuzumab-containing culture medium, thus 
suggesting a lack of cross-resistance between these two 
HER2-directed agents.'" 

Approximately, one third of advanced HER2 -positive 
breast cancer patients develop brain metastases. Treatment 
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options are extremely limited for CNS progression after 
intracranial radiation therapy and brain metastases have 
become one of the greatest challenges in clinical manage- 
ment. Recent studies have shown that lapatinib can more 
easily traverse the blood-brain barrier and may have an 
advantage compared to trastuzumab in the prevention and/ 
or treatment of CNS metastases.^'-^'-^* Thus, lapatinib is con- 
sidered as a novel targeted therapy for breast cancer brain 
metastasis. Lin et aP' collected 242 cases with advanced 
breast cancer associated with CNS metastasis in the study. Of 
the 50 evaluable patients who received lapatinib-based com- 
bination therapy, 20% experienced a CNS objective response 
and 40% experienced s20% volumetric reduction in their 
CNS lesions. This study confirms the modest CNS antitumor 
activity of lapatinib. Additional responses were observed 
with the combination of lapatinib and capecitabine. Further 
studies of lapatinib-based regimens for CNS metastases from 
HER2 -positive breast cancer are warranted. 

Although lapatinib is effective for metastatic breast 
cancer treatment, it has not been approved by health insur- 
ance companies, thus limiting its clinical application. It has 
only been tried in some patients with disease progression 
after chemotherapy and trastuzumab therapy in the People's 
Republic of China. 

Conclusion 

Lapatinib is an orally active small molecule inhibitor of the 
intracellular tyrosine kinase domains of EGFR and HER2. 
A combination of lapatinib and capecitabine provided an 
effective and well-tolerated treatment option in a popula- 
tion of Chinese women with HER2-positive advanced or 
metastatic breast cancer who who have had disease progres- 
sion following other treatments. The clinical benefit rate of 
lapatinib in the Chinese population is considerably higher 
than that in a Western population with a favorable median 
progression-free survival. Additional studies of lapatinib plus 
capecitabine for brain metastases fi-om HER2 -positive breast 
cancer are warranted. 
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